Progress of photodynamic therapy (PDT) in gastric cancer and the clinical outcome are described in this paper. (1) (3) The size of cancerous lesion curable by PDT was expanded from 3 cm in diameter, i.e. 7 cm in area to 4 cm in diameter, i.e. 13 cm by employing a new excimer dye laser model, which could emit 4 mJ/pulse with 80 Hz pulse frequency. (4) The depth ofcancer invasion which could be treated by PDT was increased from about 4 mm, i.e. the superficial part of the submucosal layer (SM-1) to more than 10mm in depth, i.e. the proper muscular layer. These improvements owe much to the pulse laser, the photodynamic action induced by which permits deeper penetration than that of a continuous wave laser. (5) We employed a side-viewing fiberscope for gastric PDT to irradiate the lesion from an angle of90. (6) We designed a simple cut quartz fiber for photoradiation with a spiral spring thickened toward the end. (7) We developed an endoscopic device for photoradiation in PDT which achieves accurate and efficient irradiation. As a result of these improvements a higher cure rate was obtained even with a lower light dose of irradiation.
INTRODUCTION
Since the report on clinical PDT by Dougherty et al. [1] , and the development of endoscopic PDT for lung cancer by Hayata et al. [2] , we have studied how to apply this method for gastric cancer since 1979.
However, several improvements of techniques and instruments were required to enable PDT for gastric cancer. In Japan, when early gastric cancer is thus the boundary between the cancerous lesion and surrounding mucosa is frequently unclear. Moreover, the edema of the gastric mucosa induced by laser irradiation further obscures the border. Nevertheless it is essential to overcome these difficulties for localized gastric PDT. PDT is also indicated to patients who would be at high risk if treated by open surgery, e.g. elderly patients and patients with severe organ dysfunction, because it is impossible to cure lymph node metastasis by PDT, and it is also impossible to rule out lymph node micro-metastasis before treatment. In this paper we describe our original ideas and how to put them into practice, in addition to the results in PDT for gastric cancer.
MATERIALS AND METHODS

Materials
We performed PDT in 80 patients ( (84 lesions) are shown in Table I . The characteristics of lasers we have used for PDT are shown in Table II .
Method
The PDT procedure includes three important points, i.e. administration of photosensitizers, laser light irradiation, and pre-and post-procedural management (Table III) . New fiber for photoradiation When using the side-viewing fiberscope, we need to bend the quartz fiber 90 with a curvature radius of 20 mm. Although the 400-gm core diameter quartz fiber did not mechanically break, when bent in such a fashion it would form an "elbow", and the laser beam would ooze from the core at the elbow and overheat. Currently, we therefore developed a new fiber with a spiral spring [7] (Hamamatsu Photonics, Hamamatsu, Japan). The spring, which was made of a stainless steel wire 100 lam in diameter, was made 6 mm in length, thickened toward the end. It was fixed at the fiber tip and encased in a 1.5mm outer diameter Teflon tube. It did not disturb passage of air but protected the fiber from destruction, because it ensured an even curvature and prevented the formation of an "elbow". This fiber is low-cost, can withstand bending and moreover is easy to repair.
A new device for PDT Pre-and Post-Procedural Management Soon after injection of the photosensitizer, the patients were placed in a dark room. After PDT, the patients were kept in bed without oral feeding and were given continuous intravenous glucose and saline with an H2-blocker and antibiotics for two days to allow healing of ulcers. During this period, the patients were kept in dim light and their faces and hands were coated with antisunburn cream. These restrictions were gradually reduced, and the patients returned to normal conditions after one week.
Evaluation of Response
The response was evaluated by endoscopy with biopsy and cytology in follow-up examinations.
They were followed up by endoscopy 2, 3 and 6 months later, then every 6 months for 2 years, and thereafter once a year. To detect metastasis to the lungs, liver, and abdominal lymph nodes, the patients were also followed up by chest X-ray and ultrasonic echography. Curativity was divided into two categories: 'cure' or 'no cure'. Although it is impossible to prove that cancer was completely cured based on clinical examinations, our definition of 'cure' was when neither local recurrence nor metastasis were detected by follow-up examinations at year. Cases classified as partial response and recurrence after year, therefore, were classified as 'no cure' in our evaluation [9] .
RESULTS
Patient Characteristics
Patient characteristics and response in relation to the kind of laser used are summarized in Table IV . It was our original intention to include a normal mucosal margin of 5 mm width for irradiation, and this was carried out, with only few exceptions, since the first treated case. For extensive lesions, the irradiation field was first set on the distal portion of the lesion, and after delivering the scheduled dose of light there, the field of irradiation was shifted to the remaining part. We began at the distal portion because the edema of the mucosa induced by irradiation will conveniently raise the lesion toward a proximal direction, and also because photoradiation can cause the gastric wall to become spastic and would push out the fiberscope gradually, therefore it would become difficult to insert the fiberscope into the distal portion in the later period of the treatment.
Side Effects
In one case treated with the EDL, massive bleeding occurred from an ulcer produced after PDT. The hemoglobin decreased to 6.2g/dl, but recovered following conservative treatment such as blood transfusion, so endoscopic hemostasis did not have to be carried out. In four other cases, mild cutaneous reaction and photosensitivity lasted several weeks.
In one other case, mild cutaneous pigmentation lasted several months. The main abnormality revealed by laboratory tests was decrease of total protein, which was observed in 32 patients (40%) and was thought to be caused by protein loss from the base of the ulcer that developed after PDT and acute gastritis surrounding the ulcer. Fourteen patients out of 32 recovered within several months with a normal diet, while 18 patients, with a tendency toward hypoalbuminemia before treatment, such as in liver cirrhosis, required intravenous injections of 150-1100 ml of 25 % human albumin. Slight liver dysfunction was seen in 5 patients, lasting for several weeks. No serious adverse reactions were seen.
Energy Intensity
The appropriate energy intensity level is also important. Kato et al. [11] (13 cm2) giving treatment for h [16] . In practice, extensive lesions spreading over 19cm 2 in the mucosa and 12 cm 2 in the submucosa were cured by irradiation with only 40 and 48 J/cm 2, respectively as described above. These results suggest that PDT can be indicated for more extensive lesion with less energy intensity.
Depth of Cancer Invasion
The depth ofphotodynamic action depends on three factors: the transmissivity of the tissue, the density and sensitivity of photosensitizer, and the laser characteristics including its wavelength. Does the depth of photodynamic action also depend on the laser characteristics apart from its wavelength?
In spite of using the same energy intensity, it was demonstrated not only in animal tumors [17] but also in clinical cases [18] 
